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each contact. The CCQ assessed nine symptoms over four domains (general: fevers, chills, muscle pains; nasal: watery eyes, runny nose, sneezing; throat: sore throat; chest: cough, chest pain), which were scored as none (0), mild (1) , moderate (2) , or severe (3). 14 A cold was "probable" when symptoms were moderate in at least two domains or mild in at least three domains. Unless otherwise indicated, a common cold was defi ned as instances wherein the CCQ indicated a "probable cold." Common cold severity was assessed by the total CCQ score (possible score, 0-27) and by the proportion of colds with a score Ն 10. 14 Baseline scores are given in e- Table 1 . Colds in early pregnancy and post partum were retrospectively assessed by self-report at the fi rst study visit and 6 months post partum, respectively. Subjects with a current cold (women with and without asthma) or current asthma exacerbation were offered additional visits either at home or hospital within 48 h. If a new cold was reported 14 days after a previous report, it was considered a separate clinical event. 7 
Virus PCR Testing
Nasal and throat swabs were collected from women with common colds. Viruses were identifi ed using real-time quantitative PCR for rhinovirus, enterovirus, respiratory syncytial virus A and B, infl uenza A and B, coronavirus, and human metapneumovirus. 15 
Statistical Methods
Statistical analysis was performed using Stata 11 (StataCorp LP). Results are presented as mean Ϯ SD or median (interquartile range [IQR] ) with Student t test and Wilcoxon rank sum tests as appropriate and Wilcoxon signed rank test for paired data. The x 2 test was used to compare proportions. Two-sided tests with P , 05 were considered signifi cant, with the exception of data on the frequency of common colds and PCR-positive colds ( P , .025, because this outcome was assessed by two similar methods). The rate difference between the groups for colds was compared using a Poisson regression model adjusted for BMI, atopy, and parity, with a robust option when data were overdispersed. Secondary outcomes were cold severity (analyzed as panel data using Stata's xtreg with random effects and adjusted for baseline CCQ score, BMI, atopy, and parity), impact of colds on asthma, and impact of colds on pregnancy outcomes. We assessed the relationship between PCR-positive colds in asthma and preeclampsia/pregnancyinduced hypertension with logistic regression, adjusting for smoking, parity, age, BMI, and multiple pregnancy. Receiver operator curve (ROC) analyses were used to evaluate different diagnostic cutoff levels for the CCQ score in PCR positive infections (e- Fig 3) . Kaplan-Meier survival estimates were used to investigate the time to fi rst cold (e- Fig 4) .
Results

Subject Characteristics
Two hundred eighty-fi ve pregnant women were recruited (168 with asthma, 117 control subjects) ( Fig 1 ) . Pregnant women with asthma had signifi cantly higher BMI ( P , .002), signifi cantly worse lung function ( P , .05), and were more likely to have atopy ( P , .0001) than control subjects ( Table 1 , e-Appendix 2, e- Table 2 ).
Frequency of Common Colds During Pregnancy
Pregnant women with asthma had more questionnairedetected common colds during pregnancy (71%) than pregnant women without asthma (46%; P , .0001; asthma compared with women without asthma. 1 Respiratory viral infections are reported to be a signifi cant cause of asthma exacerbations during pregnancy 5 and may be associated with adverse outcomes, such as low birth weight. 6 The characteristics and mechanisms of these effects are not well understood. Among nonpregnant women with asthma, susceptibility to respiratory viral infection is not increased, but colds are more severe with more lower respiratory tract symptoms, which are longer lasting. 7 However, pregnant women may be more susceptible to viral infection because of a pregnancyrelated impairment in antiviral interferon responses 8, 9 or defi ciencies in epithelial cell function, overproduction of mucus, or alveolar macrophage dysfunction. 10 We hypothesized that during pregnancy, women with asthma experience more frequent and more severe respiratory viral infections than pregnant women without asthma. We assessed these effects prospectively during pregnancy by assessing common colds by selfreport and using the common cold questionnaire (CCQ) and polymerase chain reaction (PCR) testing and retrospectively in early pregnancy and post partum.
Materials and Methods
Study Design
Pregnant women with and without asthma were recruited from April 2007 to November 2009 ( Fig 1 ) at the antenatal clinic of John Hunter Hospital, Newcastle, Australia. Written informed consent was obtained and ethics approval granted by the University of Newcastle and Hunter New England Area Health Service Research Ethics Committees (approval number 07/02/21/3.06). Women between 12 and 20 weeks' gestation who were . 18 years of age were included. Exclusion criteria were the presence of a chronic medical disease (other than asthma), drug or alcohol dependence, and an inability to attend study visits or perform spirometry. Control subjects had never received a diagnosis of asthma, whereas women with asthma had a doctor's diagnosis of asthma and asthma symptoms or therapy in the prior 3 months.
Women completed monthly clinical visits and were telephoned fortnightly (e-Appendix 1, e- Fig 1 ) . The majority (157 of 168, 93%) of the women with asthma also commenced participation in the Managing Asthma in Pregnancy (MAP) study. 11, 12 Regardless of coparticipation in MAP, all women, with and without asthma, had the same schedule of study visits and telephone contacts and were eligible for additional visits based on the same criteria (current common cold). Some women consented to donate blood for in vitro studies of responses to viral infection. 8, 9 
Clinical Measures
At each visit and telephone contact, asthma symptoms over the past 7 days were collected by self-report and using the Asthma Control Questionnaire (ACQ7). 13 Exacerbations were assessed by direct questioning and defi ned as those requiring medical intervention (hospital admission, ED presentation, unscheduled doctor visit, or the use of oral corticosteroids).
Common colds were assessed by direct questioning (self-report: "Do you currently have a cold?") and using the CCQ (e- Fig 2) Table 2 ) . More women with asthma had multiple common colds than women without asthma (33% vs 16%; P 5 .0028; RR, 1.25; 95% CI [1.09, 1.42]). There were 223 common cold events in the asthma group and 83 in the control group (e- Table 3 ). The rate of common cold events adjusted for follow-up time, atopy, parity, and maternal BMI was signifi cantly higher in the asthma group compared with the control group ( Fig 2 ) (incidence rate ratio [IRR], 1.77; 95% CI [1.30, 2.42]; P , .0001). The control group had the same proportion of common colds detected in the second and third trimesters, whereas the asthma group had signifi cantly more common colds detected in the second compared with the third trimester ( Table 2 ) (P , .0001), despite longer follow-up times for the third trimester. In addition to questionnaire-detected colds, women with asthma also self-reported more colds prospectively during pregnancy and retrospectively in early pregnancy and post partum (e- Table 4 ).
Nasal and/or throat swab samples were collected from 80% of common cold events (20% were not collected because of refusal by the participant or lack of a clinical visit at the time of the event), within a median time from symptom onset of 3.5 days (IQR, 3-7 days) in the control group and 4 days (IQR, 2-7 days) in the asthma group (e- Table 5 ). Thirty-one percent of women with asthma and 18.8% of women without asthma had one or more PCR-positive colds during pregnancy (RR, 1.18; 95% CI [1.03, 1.34], asthma vs control) ( Fig 3 , Table 3 ), but this did not reach our signifi cance level of P , .025 ( P 5 .0305). There were 26 PCR-positive cold events in the nonasthmatic control group and 60 PCR-positive cold events in the asthma group (e- Table 5 ). There was no signifi cant difference in the rate of PCR-positive colds between groups (adjusted for follow-up time, atopy, parity, and maternal BMI; IRR, 1.18; 95% CI [0.72, 1.94]; P 5 .505) ( Table 3 ). The number of second trimester PCR-positive colds was higher than the number of third trimester colds in the asthma group ( P 5 .0442) but not in the control group ( P 5 .4524) (e- Table 5 ). In addition to questionnaire-detected colds, women with asthma also self-reported more colds prospectively during pregnancy and retrospectively in early pregnancy and post partum (e- Table 4 ).
Severity of Common Colds During Pregnancy
The median total CCQ score was higher among common cold events in the asthma group (median, 8; IQR [5, 10] ) compared with the control group (median, 6; IQR [5, 8] ) and was statistically signifi cant when baseline values were adjusted for (xtreg, coeffi cient 1.16; 95% CI [0.11, 2.21]; P 5 .031) (e- Table 6 ). However, in PCR-positive colds, the total CCQ score was not different between groups (e- 
Impact of Colds on Asthma
One-third of the PCR-positive viral infections were associated with exacerbation requiring medical intervention and a further one-third with loss of control (e-Tables 7, 8). Total CCQ score signifi cantly correlated with ACQ score (Spearman r 5 0.3187, P 5 .0131, Spearman rank correlation) (e- Fig 5) .
Among the subgroup of women with asthma participating in the MAP study, those randomized to fractional exhaled nitric oxide-based management (n 5 69) were signifi cantly less likely to report common colds (63.8% vs 82.2%; RR, 0.492; 95% CI [0.274, 0.881]) or PCR-positive colds (23.2% vs 42.5%; RR, 0.749; 95% CI [0.592, 0.948]) compared with those randomized to clinical guidelines-based management (n 5 73).
Impact of Colds on Neonatal Outcomes
In the control group, women with at least one PCR-positive cold had babies of signifi cantly lower birth weight ( P 5 .0274) and length ( P 5 .0236) compared with control subjects with PCR-negative colds ( Table 4 ). Women with asthma with PCR-positive colds had signifi cantly increased odds of preeclampsia or pregnancy-induced hypertension when adjusted for known preeclampsia risk factors (maternal smoking, age, BMI, parity, multiple pregnancy; OR, 8.48; 95% CI [1.41, 51.11]; P , .02) ( Table 4 ) compared with women with asthma with PCR-negative colds.
Discussion
Pregnant women with asthma have more common colds during pregnancy than pregnant women without asthma, both by self-report and questionnaire. The severity of symptoms was higher in subjects with asthma with common colds than control subjects, when adjusted for baseline differences. Although PCRpositive colds were of similar severity in the two groups, virus-confi rmed colds in subjects with asthma frequently resulted in exacerbations and were associated with perinatal effects.
Previous studies in nonpregnant adults with asthma have suggested that subjects with asthma are no more 7 months; however, it was unclear if follow-up time and early deliveries had been accounted for. Asthma exacerbations also peak in the late second trimester. 5, 17 Further evidence is required to determine if this is due to a pregnancy-specifi c rise in susceptibility to infection.
One-third of PCR-positive colds were associated with exacerbations requiring medical intervention. In previous studies, 60% of cases with a positive virus identifi cation were associated with asthma exacerbation, 18 whereas cold severity was predictive of subsequent asthma worsening. 19 Viral infection is a signifi cant asthma trigger, possibly because of the infl ammatory pathways activated during infection. Understanding the relationship between viral infection and asthma 20 is important, as preventing viral infection could also prevent exacerbations. We have evidence that improved asthma management through fractional exhaled nitric oxide monitoring is associated with a reduction not only in exacerbations 11 but also in PCRpositive viral infections.
Pregnant women with asthma who had PCR-positive colds were more likely to have preeclampsia than susceptible to respiratory tract infections than subjects without asthma. 7 The evidence in the present study suggests that in pregnancy, women with asthma may be more susceptible to common colds than women without asthma but that cold symptoms associated with PCR-positive colds are similar to those in women without asthma. In a large prospective study, 14.4% of women had a common cold during pregnancy, with one-half of these colds medically recorded. 16 The CCQ we used identifi ed more common colds than selfreport, and not all of these were virus-positive by laboratory testing. The prospective nature of our study likely contributed to a high rate of reporting of common colds. It is possible that confounding by symptoms of rhinitis may have contributed to a high proportion of women with questionnaire-detected colds.
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The sponsor had no role in the design of the study, the collection and analysis of the data, or in the preparation of the manuscript. is possible that infl ammation associated with the response to viral infection and/or asthma exacerbation may contribute to the underlying endothelial dysfunction in preeclampsia.
There are limitations to our study. The CCQ is an unvalidated tool, which limits the conclusions we can make using this instrument, particularly since the CCQ is not validated to distinguish between viral infections and rhinitis. There was the possibility of recall bias for colds assessed retrospectively, although for the majority of pregnancy we collected data prospectively. The pregnant women with asthma had higher parity than pregnant women without asthma, which might increase their exposure to virus infections from other children. 26, 27 However, we adjusted for this as well as other confounders, such as atopy and BMI (a known risk factor for exacerbations in pregnancy 28 ), when considering the rate of colds. Our sample collection time was not ideal, with swabs collected within a median of 3 to 4 days from symptom worsening. We contacted women fortnightly by phone and sent mobile phone text reminders every other week to try to increase participation and offered home visits during colds. The CCQ covers only 2 days of the past 14, and since we did not administer it daily, it is possible colds were missed. The number of PCRpositive colds experienced by women with asthma, when adjusted for follow-up time, was not significantly different from the control group. This may be due to a lack of power, since only a proportion of common colds were tested in the laboratory, or rhinitislike symptoms and cough may be amplifi ed by asthma or pregnancy themselves, resulting in more colds being detected that were not true infections. Although we found second trimester colds to be more frequent than third trimester colds, it is possible that rhinitis of pregnancy may have contributed to this fi nding.
Conclusions
Common colds were more frequently reported among pregnant women with asthma compared with women without asthma. They occurred more often in the second trimester than the third, perhaps explaining the greater exacerbation risk at this time. There was an impact on maternal health, with one-third of infections associated with exacerbations requiring medical intervention. Prevention of respiratory viral infections may improve asthma outcomes during pregnancy.
